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INTRODUCTION
Vertebroplasty (VP) with polymethylmethacrylate
(PMMA) bone cement was introduced by Galibert
et al . (1) and has been used extensively in the treat-
ment of osteoporotic spine fracture. Although VP
is thought to be a safe and effective procedure for
symptomatic osteoporotic vertebral compression
fractures, several complications have been reported.
Complications that can occur during the acute time
period include leakage of cement into the spinal
canal, adjacent discs, paravertebral soft tissues, or
perivertebral venous system, and pulmonary embo-
lism (2-7). As delayed complications, adjacent ver-
tebral fracture, nerve root injury, cement dislodge-
ment, and subsequent pyogenic spondylitis have
been described (7-14). As a result of these compli-
cations, salvage procedures such as on urgent spi-
nal cord decompression may need to be performed
(2-7), and these procedures have been described
in the literature. Procedures for salvage of late col-
lapse of the cemented vertebra, however, are con-
troversial (10-15).
In this paper, we present three patients who de-
veloped local kyphotic deformity with severe back
pain and paralysis as the result of late collapse of
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the cemented vertebrae, and we discuss their treat-
ment with anterior thoracolumbar reconstruction
surgery for this late collapse following VP.
CASE REPORT
CASE 1
History
An 81-year-old woman with a symptomatic L1 os-
teoporotic compression fracture underwent VP us-
ing PMMA in another hospital. Her back pain was
relieved immediately after the VP. Twenty months
later, however, her back pain recurred suddenly
with no traumatic episode. She was unable to walk
due to the pain and associated muscle weakness
with bilateral lower extremity parasthesias.
Radiological findings
Radiographs on admission revealed an L1 com-
pression fracture that had been treated with VP
with PMMA placement. A local kyphotic deformity
(Cobb angle : 29) was identified (Figure 1). Com-
puted tomography (CT) scans demonstrated a vac-
uum cleft around the PMMA (Figure 2).
Surgery
Removal of the PMMA and anterior spinal re-
construction was performed using retroperitoneal
approach. The PMMA was found to be covered
with fibrous tissue and was easily removed with-
out retraction of the dura mater. After removal of
Figure 1 Plain radiographs showing a compression fracture of L1 treated by VP with PMMA implantation. Note the radiolucent
area around the PMMA and the local kyphotic deformity (Cobb angle : 29).
Figure 2 CT scan demonstrating vacuum clefts around the
PMMA in the L1 vertebral body.
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the PMMA and curettage of the fibrous tissue, cor-
rection of the kyphotic deformity was achieved us-
ing a metal cage filled with autologous bone graft,
and an anterior thoracolumbar plate was placed
(Figure 3). The local kyphosis improved from 29
to 17.
Postoperative Course
After the salvage operation, the patient’s symp-
toms were immediately relieved. Four months post-
operatively, bony union was achieved with a slight
loss of the sagittal correction (5).
CASE 2
History
A 73-year-old woman with severe back pain from
a T12 osteoporotic compression fracture underwent
VP using PMMA in another hospital. Three months
after the VP, she developed recurrent severe back
pain without a traumatic episode and was not able to
walk due to pain and muscle weakness in both legs.
Radiological findings
Radiographs revealed compression fracture of T12
with retention of the VP PMMA. A local kyphotic
deformity of the thoracolumbar junction (Cobb
angle : 33) was identified (Figure 4). On the CT
scans, extravasation of PMMA cement into the ver-
tebral canal was found (Figure 5).
Surgery
Removal of the PMMA and anterior spinal recon-
struction was performed using a retroperitoneal ap-
proach. The PMMA was covered with fibrous tissue
and was removed easily without retraction of the
dura mater. After removal of the PMMA and curet-
tage of the fibrous tissue, correction of the kyphotic
deformity using a metal cage filled with autologous
bone graft, and anterior plate was placed (Figure 6).
Figure 3 Postoperative plain radiographs showing improved
local kyphosis (Cobb angle : 17).
Figure 4 Plain radiographs showing compression fracture of
T12 with implantation of PMMA and local kyphotic deformity of
the thoracolumbar junction (Cobb angle : 33).
Figure 5 CT scans showing extravasation of PMMA cement
into the vertebral canal.
Figure 6 Postoperative plain radiographs showing improved
local kyphosis (Cobb angle : 22).
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The local kyphotic deformity was improved from
33to 22.
Postoperative Course
After the revision surgery, the patient’s symptoms
improved, and she had full resolution of her pre-
operative symptoms. Six months post-operatively,
radiographs revealed solid bony union of the sur-
gical site with a mild loss of correction (3).
CASE 3
History
A 73-year-old woman with an osteoporotic burst
fracture-dislocation of L3 underwent VP using
PMMA at an outside institution. One week later, she
developed recurrent severe back pain and leg pain
without a traumatic episode. She could not ambulate
due to her lower extremity weakness, and she was
referred to our facility for evaluation and treatment.
Admission radiographs revealed a split fracture
of the L3 vertebral body and lamina, with associ-
ated bilateral pedicle fractures (Figure 7, 8).
Surgery
A three stage, posterior-anterior-posterior, sur-
gery was performed. During the first stage, a total
laminectomy of L3 was performed followed by in-
sertion of pedicle screws. Because of the patient’s
poor bone quality and significant instability, it was
felt that the patient would require anterior column
reconstruction and fixation. We removed the PMMA
mass during an anterior L3 corpectomy as part of
the second stage. Also during this second stage, the
dislocation was reduced, a metal cage filled with
autologous iliac bone was inserted, and an anterior
plate and screws were placed. The final stage con-
sisted of another posterior approach during which
rods were placed, and the pedicle screws were
locked into position (Figure 9).
Figure 9 Postoperative plain radiographs showing the recon-
structed lumbar spine.
Figure 7 Plain radiographs revealing a fracture-dislocation of
L3 and PMMA cement in the vertebral body.
Figure 8 Reconstructed CT scans revealing the fractures of the vertebral body, bilateral pedicles, and lamina.
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Postoperative Course
After the operation, the patient’s weakness in
both legs improved and her pain was relieved. One
year post-operatively, radiographs revealed bony un-
ion with stable fixation and reduction of the frac-
ture-dislocation.
DISCUSSION
Vertebroplasty (VP), and the similar procedure
kyphoplasty, is considered as a minimally invasive
procedure, and it is generally performed for older
patients who have sustained an osteoporotic com-
pression fracture. Perioperative complications of
these procedures such as leakage of cement into
the spinal canal, dislocation of the cement, osteone-
crosis, and thermal nerve root injury due to the exo-
thermic reaction involved in PMMA cement polym-
erization, and pulmonary embolism have been re-
ported (2-7). Delayed complications may include
adjacent vertebral body fracture, cement dislodge-
ment or fragmentation, and late collapse of the ce-
mented vertebrae due to nonunion of the fracture
site (7-14). Once the postoperative complication has
occurred, patients may require a more invasive ad-
ditional surgery to correct the initial and subsequent
pathology.
Several salvage procedures for VP have been de-
scribed. These revision surgeries include repeat VP,
anterior surgery, posterior surgery, and combined
anterior and posterior spinal reconstructions (11-
14). Yang et al . recommended repeat VP as the first
choice surgery, especially for patients in whom a
unipedicular approach was initially used (11). In
their study, however, not all of the failed VP patients
could be successfully treated with another VP. For
example, a repeat VP is difficult in patients in whom
the bipedicular approach was initially used, and
some patients require revision surgeries through
anterior, posterior, or combined approaches due to
more significant instability or collapse. In all of our
cases, the bipedicular approach was used during the
index procedure.
Removal of the implanted cement may be re-
quired if there is significant failure of the vertebral
body segment following VP. Shapiro et al . described
use of the posterior approach to the lumbar spine
for removal of the extravasated PMMA cement
while retracting the thecal sac and nerve roots (14).
Wu et al . suggested removing the cement using
subtraction osteotomy of the pedicles which were
already perforated during the VP (15). In cases with
abundant cement, however, it may be difficult to
remove the cement safely through only the poste-
rior approach, especially at or above the level of
the conus medullaris. Furthermore, to obtain good
bony union and to correct any kyphotic deformity,
complete removal of the bone cement is mandatory.
In our opinion, therefore, an anterior approach may
be required for these cases. In the presented cases,
we removed the PMMA block safely through an
anterior approach. Only in one case, which involved
a three-column unstable injury, was anterior and
posterior fixation required.
Late collapse of the vertebral body treated by VP
could be caused by osteonecrosis or delayed spon-
dylodisciitis (16). Thermal necrosis due to the high
temperature that occurs during the polymerization
of PMMA or the development of fibrous tissue on
the surface of the fractured cancellous bone could
cause nonunion of the fracture site with subsequent
collapse of the vertebral body (3, 15). Kim et al . also
suggested that avascular necrosis of the vertebral
body is closely related to the re-collapse of the ver-
tebral body (17). All patients in our study suffered
from re-collapse after the VP with an intervertebral
vacuum cleft without a causative traumatic episode.
This constellation of findings suggests that the pa-
tients in our study may have suffered from avascu-
lar necrosis of the vertebral body (18, 19), but our
study is limited because no microscopic pathology
specimens were obtained.
CONCLUSIONS
Vertebroplasty is thought to be an effective and
minimally invasive technique to treat osteoporotic
compression fractures in older patients. Once col-
lapse or nonunion of the treated vertebral body oc-
curs, however, removal of the cement and anterior
reconstruction of the spinal column may be required
to stabilize the fractured segment, correct malalign-
ment of the spine, and prevent further neurologic
deterioration.
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